Double skeletonized internal thoracic artery vs. double conventional internal thoracic artery in diabetic patients submitted to OPCAB Abstract Objective: To evaluate the influence of the technique used in the dissection of thoracic arteries in the evolution of diabetic patients submitted to OPCAB.
INTRODUCTION
The routine use of the left internal thoracic artery (LITA) for coronary artery bypass grafting (CABG) has been reported since the start of the 1980s [1] . The results of its utilization after 10 years show a greater superiority in respect to the saphenous vein when atherosclerotic disease-free evolution is considered over the same period [2] . For the patient, this represents a longer survival free of angina and without the necessity of reoperations [3] .
The use of both internal thoracic arteries (ITAs) for CABG has been much debated by cardiovascular surgeons [4] , and their utilization represents a modification in previously employed operative routines. Several studies have been published showing greater benefits when both ITAs are used for CABG [5] [6] [7] [8] .
In diabetic patients, especially those with type I diabetes, the use of both ITAs is an issue for great concern due to possible complications related to the sternum with the reduction in vascularization [9] .
Some recent studies have demonstrated that the removal of skeletonized ITAs preserves the blood flow to the sternum and, consequently, diminishes the incidence of sternal complications [10] .
In this study, we retrospectively evaluated two groups of diabetic patients; one group used skeletonization of both ITAs and the other used conventionally harvested thoracic arteries. The main aim of the study was to assess the incidence of complications related to the sternum.
METHODS
Seventy diabetic patients, submitted to off-pump CABG utilizing both ITAs were retrospectively evaluated. The seventy patients were divided into two groups: in Group A, both ITAs were obtained in the conventional manner, while in Group B the ITAs were obtained using skeletonization.
The anesthetic technique and initial preparation have previously been described [11] . After opening the sternum and performing hemostasis (bone wax was not utilized) the left pleura was opened in both groups. After harvesting the left internal thoracic artery (LITA), the same procedure was performed on the right. In Group A, the arteries were conventionally harvested using clip 200 (Horizon) for hemostasis of the larger branches and cauterization (Valleylab force 2) with a power of 30W for coagulation of the smaller branches. Both anterior intercostal veins were removed together with the ITAs.
In Group B, both ITAs were harvested using skeletonization ( Figure 1 ). The clip employed was smaller, clip 100 (Horizon) and the power of cauterization (Valleylab -force 2) was half that used for Group A. All the branches of the ITA in Group B were ligated and both anterior intercostal veins were preserved. Simultaneously, when necessary, the great saphenous vein was dissected in both groups. EUROSCORE foi de 3,97±2,49 para o grupo A contra 4,14±3,06 no grupo B (p=0,879). O número médio de anastomoses distais no grupo A foi de 3±0,77 contra 3,03±0,89 para o grupo B (p=0,981). Três (8,57%) dos pacientes do grupo A apresentaram mediastinite contra nenhum do grupo B (p=0,239). A diabetes insulino-dependente foi o único fator estatisticamente significativo (p=0,008) para mediastinite. Neste grupo, a utilização de artéria torácica interna esqueletizada diminuiu significativamente a incidência de mediastinite (p=0,044).
Conclusão: A incidência de mediastinite foi menor no grupo onde ambas as artérias torácicas foram dissecadas de forma esqueletizada, apesar de, devido ao baixo número de casos, não apresentar diferença estatística. Nos portadores de diabetes insulino-dependente, 50% dos pacientes do grupo em que a artéria torácica foi obtida de forma convencional apresentaram mediastinite, sendo que a utilização de artéria torácica esqueletizada diminuiu significativamente a incidência de mediastinite.
Descritores: Revascularização miocárdica. Artéria Torácica Interna. Diabetes mellitus.
Fig. 1 -Skeletonized Internal Thoracic Artery
After harvesting both ITAs, 2.0 mg/kg of heparin was administered to all patients. After opening the pericardium, a stitch of 2-0 ethibond fixed to a strip of cotton measuring 3.5 x 70 cm was applied to the pericardial deflection between the inferior vena cava and the left inferior pulmonary vein [12] .
The distal anastomoses were performed first. When venous grafts were necessary, the order started with the right coronary artery and its branches, then the circumflex artery and its branches, finishing with the anterior wall, anterior interventricular artery and its branches.
The LITA was preferentially utilized for the anterior interventricular artery, but, in some patients it was used for the marginal branches of the circumflex artery. The right internal thoracic artery (RITA) was normally utilized for the marginal branches of the circumflex artery and, in some patients, for the anterior interventricular artery and the right coronary artery ( Figure 2 ).
When performing the anastomoses, the approached coronary artery was temporarily occluded by means of a proximal ligature using 4-0 prolene thread supported on silicone. To perform the distal anastomoses, apart from the Lima stitch [12] , a suction stabilizer (ESTECH) was utilized - Figure 3 .
In patients who received venous grafts, at the end of the distal anastomoses the aorta was partially clamped and the proximal anastomoses were carried out.
The initial dose of heparin was reverted at 75%. Patients were prescribed nitroglycerin for a period of 24 hours from the end of the operation. All the patients remained in the intensive care unit for at least one night.
RESULTS
Seventy diabetic patients submitted to off-pump CABG were evaluated. The patients were divided into two groups. In Group A, with 35 patients, both ITAs were harvested in the conventional manner, while the 35 patients of Group B received both ITAs harvested using skeletonization.
In Group A, the mean age was 52.14 ± 7.35 years, ranging from 38 to 68 years old, while in Group B the mean age was 55.71 ± 8.1 years (p-value = 0.57) varying between 39 and 75 years old. In Group A, 24 patients (68.5%) were men versus 25 (71.4%) in Group B (p-value = 1).
In respect to the risk factors for coronary artery disease, among the patients of Group A, 31 (88.5%) were hypertensive versus 34 (97.1%) in Group B (p-value = 0.356) and 17 patients (48.5%) of Group A had high levels of cholesterol opposed to 14 (40%) of Group B (p-value = 0.631). In Group A, 17 patients (48.5%) were smokers versus 11 (31.4%) in Group B (p-value = 0.222). MILANI, R ET AL -Double skeletonized internal thoracic artery vs. double conventional internal thoracic artery in diabetic patients submitted to OPCAB All the 70 patients were diabetics and among those of Group A, 6 (17.1%) were insulin dependent against 9 (25.7%) of Group B (p-value = 0.561). One patient (2.8%) of Group A suffered from chronic renal failure while 4 patients (11.4%) in Group B suffered from this disease (pvalue = 0.356).
In relation to the functional class in the preoperative period, 20 patients (57.1%) of Group A were in functional class III/IV against 18 (51.4%) of Group B (p-value = 0.811). The left ventricle ejection fraction was normal in 10 patients (28.57) of both groups, it was moderately affected (35% to 55%) in 11 patients (31.34%) of Group A against 14 (40%) of Group B (p-value = 0.303), and was significantly affected, with an ejection fraction of less than 35% in 14 patients (40%) of Group A and 11 patients (31.43%) of Group B (pvalue = 0.303).
The EUROSCORE for preoperative mortality risk was 3.97 ± 2.49 with a variation between 0 and 10 points for Group A and 4.14 ± 3.06 (p-value = 0.879) ranging from 0 to 11 points for Group B. The mean number of coronary arteries revascularized was 3 ± 0.77 (range: 2 to 5) in Group A and 3.03 ± 0.89 (range: 2 to 5) in Group B (pvalue = 0.981).
In Group A the LITA was utilized for the anterior interventricular branch in 16 patients (45.7%), for the marginal branches of the circumflex artery in 13 patients (37.1%) and for the diagonal and diagonalis arteries in 6 (17.1%). The RITA was used for the anterior interventricular branch in 18 patients (51.4%), for the marginal branches of the circumflex artery in eight (22.8%), for the diagonalis artery in one (2.8%) and for the right coronary artery in eight (22.8%). In Group B, the LITA was utilized for the anterior interventricular branch in 25 patients (71.4%), for the marginal branches of the circumflex artery in nine patients (25.7%) and for the diagonal artery in one (2.8%). The RITA was used for the anterior interventricular branch in nine patients (25.7%), for the marginal branches of the circumflex artery in 13 (37.1%), for the diagonal artery in one (2.8%) and for the right coronary artery in 12 (34.2%).
Seventeen patients (48.5%) of Group A and 14 patients (40%) of Group B remained for one night in the intensive care unit (p-value = 0.631). Only six patients (17.1%) of Group A and nine (25.7%) of Group B remained more than two nights in the intensive care unit (p-value = 0.561). When the complications of the patients were evaluated, six patients (17.1%) of Group A presented with acute atrial fibrillation against four (11.4%) of Group B (p-value = 0.734), and four patients (11.4%) of Group A and three (8.57%) of Group B suffered from bronchopneumonia. Three patients (8.57%) of Group A presented with mediastinitis versus no patients of Group B (p-value = 0.239). Insulin-dependent diabetes was the only statistically significant factor for mediastinitis (p-value = 0.008). In this subgroup of insulindependent diabetic patients, the use of skeletonized ITAs significantly reduced the incidence of mediastinitis (p-value = 0.044).
DISCUSSION
The superiority of the LITA compared to the great saphenous vein in revascularization of the anterior interventricular artery considering the survival rate and patency is well known [13] [14] [15] . The utilization of a second arterial graft in CABG, in particular the right ITA, has been shown in a series of works [5] [6] [7] [8] as a predictive factor of better patency and long-term survival. The RITA has characteristics similar to the LITA however there is some resistance to its use due to the possible increase in the incidence of sternal complications, especially in diabetic patients and its short length, which limits its utilization as an in situ graft, and the increase in operative time for its harvesting.
Recently the use of bilateral skeletonized ITAs in diabetic patients has resulted in a sternal complication rate similar to non-diabetic patients, as well as, an apparently longer segment of graft with a better flow. And so it is possible to utilize both ITAs in practically the entire heart [16] .
Harvesting of the ITA using skeletonization is defined as removal of the arterial conduit maintaining its satellite veins as well as the tissue around the artery. As the ITA is more exposed using this technique, direct electrocauterization should be avoided, thereby minimizing the occurrence of spasms and lesions. All the branches should be directly ligated, with small metal clips being the most practical manner to achieve this.
Menezes et al. [17] described the removal of the LITA using skeletonization employing an ultrasonic scalpel and without the use of metal clips. The results of 188 patients enrolled in this study were reported; there was no necessity to use maneuvers to increase the blood flow in the graft and there was no infection of the sternum. The time required to harvest the skeletonized ITA was 33 minutes. The authors concluded that this technique reduces the time ITA harvesting, does not cause spasms, does not require metal clips and is an easily reproduced procedure recommended for skeletonization. In our series, although this was not an objective of the study, it was clear that the bilateral removal of skeletonized ITAs requires a longer operative time than harvesting using the conventional method. This additional time, however, is partially recovered at the end of the operation during the review of hemostasis, as both reviewing the thoracic wall and the ITAs are quicker when skeletonization is used.
De Paulis et al. [18] , in their work, demonstrated the role of the harvesting technique of both ITAs in superficial and deep infections of the sternum. The authors compared a group of 300 patients, in which both arteries were obtained using the conventional method, with a group of 150 patients in which bilateral skeletonization was used. The use of skeletonized ITAs was one of the factors that determined the lower incidence of superficial and deep sternal infections. The authors concluded that the use of both ITAs gave rise to a high risk of sternal infections when compared to the use of just one and that the use of bilateral skeletonized ITAs significantly diminished this risk and could be used in patients with high risk of sternal complications.
Peterson et al. [19] analysed the results of two groups of diabetic patients submitted to CABG using both ITAs. In Group A, with 70 patients, the ITAs were dissected using the skeletonization technique and in Group B, with 36 patients, the ITAs were removed using the conventional method. For the patients of Group A, there was a significantly lower rate of sternal complications. The authors concluded that with the use of skeletonized ITAs, diabetic patients are no longer contraindicated for this strategy of surgical procedure.
A review article, in which 214 diabetic patients submitted to off-pump CABG using both ITAs were analyzed, Hirose et al. [20] demonstrated the effectiveness of skeletonization in the prevention of sternal infections, whether superficial or deep. In their comments, the authors referred to the necessity of using ultrasonic cauterization to improve the harvesting of skeletonized thoracic arteries, as the use of conventional electrocauterization may cause heat lesions due to the absence of adjacent tissues. The authors commented that, before skeletonization, approximately 34% of diabetic patients received two thoracic arteries, with this number increasing to 61% of diabetic patients with the use of skeletonization. In this series, the incidence of sternal complications was less in the skeletonized group. The incidence of mediastinitis was 0.9% in patients who used the skeletonized ITAs versus 3% in the pedicled group, and, the incidence of superficial infection of the sternum was 3.5% in the skeletonized group compared to 12.1% in the conventional group.
The authors concluded that the bilateral use of skeletonized thoracic arteries in diabetic patients is safe and may reduce the incidence of sternal complications.
Miana et al. [21] presented a study utilizing the RITA (20 patients) or the radial artery (38 patients) as the second arterial graft. The authors did not observe statistical differences in the immediate evolution of the patients when death, reoperation for bleeding and mediastinitis were assessed. However, they stressed that for the group of patients who received RITA grafts, the time of operation was greater.
In a recent article, Martins et al. [22] presented their results of a group of patients submitted to CABG utilizing both ITAs. Of a total of 700 patients enrolled, 552 were non-diabetic and 148 were diabetic. The groups were statistically similar in respect to age, gender, risk factors, previous infarction, functional class and number of distal anastomoses per patient. An analysis of the results showed no significant differences when death, bleeding and sternal dehiscence were evaluated. The authors concluded that critical selection of patients and a refined operative technique may benefit diabetic patients with the bilateral use of the ITAs.
In our series, we evaluated two groups of diabetic patients in whom both ITAs were employed in CABG, with, for one group the arteries being removed using the pedicled technique and for the other, both arteries were dissected using the skeletonization method. The incidence of insulindependent diabetics was similar in both groups, as was the incidence of other risk factors. The mean number of revascularized coronary arteries was also similar for the two groups. In the group that received two pedicled ITAs, three patients evolved with mediastinitis, while in the skeletonized artery group, none of the patients had this complication. In the statistical analysis, insulin-dependent diabetes mellitus was the only statistically significant risk factor for the development of mediastinitis. The bilateral utilization of skeletonized ITAs significantly reduced the incidence of this complication.
Even after the initial period, required to completely dominate the ITA skeletonization technique, the time spent to obtain both grafts is longer than that spent using the pedicled method. Perhaps, with the use of ultrasonic cauterization, this time can be greatly reduced. With the utilization of conventional cauterization, much care is necessary not to excessively expose the thoracic artery to the heat irradiated by this device, which may cause hematomas, spasms and irreversible lesions. During the reviewing of the thoracic wall, electrocauterization should also be utilized with much care, as there is a risk of injuring the satellite veins and all the effort to preserve part of the vascularization of the thoracic wall will be lost.
CONCLUSION
In conclusion, the data attained in our study suggest that the bilateral use of skeletonized ITAs offers a certain degree of protection against mediastinitis in diabetic MILANI, R ET AL -Double skeletonized internal thoracic artery vs. double conventional internal thoracic artery in diabetic patients submitted to OPCAB
